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ABSTPACT 

Studies concerned with the synchronous emergence 
prediction of Piaget's structures-of-the-whole principle are 
discussed in conjunction with three groups of concrete-operational 
skills: (1) transitivity/conservation/class inclusion; (2J double 
classification/double seriation; and (3) ordinal, cardinal, and 
natural number concepts. Findings show that contrary to the 
principle, asynchronous emergence of stage-related skills appears to 
be the rule rather than the exception. Children appear to grasp the 
relevant relational skill before they grasp the corresponding 
classificatory skill: transitivity is understood before class 
inclusion; double seriation is understood before double 
classification; ordinal number before cardinal nueber. It is 
suggested that the specific asynchronies considered are not isolated 
idiosyncratic phenomena but instead are part of some underlying 
pattern in the growth of human logic that is not yet fully 
understood. It may be that the ontogenesis of logical thought mirrors 
the axiomatic development of logic itself. (Author/CS) 
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The notion of structures-of-the-whole Is one of the major defining 
attributes of Piagot's stages of mental growth. Unlike the other key pro- 
perties conroonly associated with these stages (hierarchization, Integration, 
coordination, equilibration), which are basically teleological meta- 
priticiples of little or no predictive consequence, structures-of-the-wholc 
entails some widely recognized predictions which are subject to direct 
test. These predictions are concerned with the order In which the pro- 
totypic reasoning skills of each stage will be observed to emerge In 
children's thinking. 

According to the structures-of-the-whole p/inciple, each of the 
reasoning skills that characterize a given Piagetian stage presupposes 
one or more members of a set of abstract cognitive structures. In Piagetian 
theory, the term "presupposes" connotes far more than the assumption that 
a certain finite set of structures Is a formal process model for a large, 
presumably infinite, set of reasoning behaviors. Piaget's structures 
also are supposed to be "really there" controlling thought. In the same 
sense that the moon is "really there" controlling the tides or a program 
Is "really there" controlling how a computer processes an input. [At this 
point, the philosophically inclined listener no doubt will be anticipating 
another chapter in the old realism-nominalism and mind-body controversies. 
However, we shall attempt to avoid these metaphysical male-storms.] During 
each Piagetian stage of mental development, the specific reasoning skills 
associated with the stage presumably are generated (or "deduced") from 
the set of structures which define the stage. 

Turning to the empirical implications of structures-of-the-whole. 
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the principle entails patterns of synchronous emergence of the key reasoning 
skills of each stage. This widely recognized prediction (e.g., of. Pinard 
& Laurendeau, 1969; Wohlwill, 1963; Flavell, 1963, 1971) follows from an 
assumption that Piaget makes about the emergence of the underlying cognitive 
structures. He assumes that the structures which define a stage emerge 
in tight synchrony, rather than in some invariant order. An Important 
caveat must be appended to this assumption. The assumption does not entail 
that, in every child, the structures associated with given stages emerge 
suddenly and abruptly. Although Piaget 's writings are by no means clear 
on thii^ point, it seems that stage-defining structures may very well emerge 
in soni2 fixed order in rjiven child. However, the order is always 
idiosyncratic to that child If the child acquires some stage-defining 
structure X before some other stage-defining structure Y, then some other 
child will do the reverse. More generally, the members of the set of 
stri'ctures defining any given Piagetian stage do not emerge in an order 
that is constant for all or most children. 

From the structural synchrony assumption, it follows that the 
reasoning skills generated by these structures also cannot emerge in an 
order that is constant for all or most children. If this prediction is 
violated, then one of the following must be true: (a) the structures 
themselves emerge in some constant order; (bj the reasoning skills 
associated with Piaget' s stages do not presuppose the structures that the 
theory says they presuppose; (c) we have not fairly tested the prediction 
(I.e., we have committed gross measurement and/or sampling errors). There 
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is an important exception to tho general rule that stage-defining reasoning 
skills must emerge synchronously: the ad hoc principle of horizontal 
dccalaqe. After the fact, Piaget has decided that synchronous emergence 
of underlying structures does not necessarily exclude asynchronous emergence 
of a given reasoning skill in different content areas. The classic 
illustration of this point involves the conservation concept of middle- 
childhood. Children are known to conserve in some content areas (e.g., 
number, length) long before they conserve in others (e.g., area, volume). 
The explanation offered for this phenomenon is that, scniehow, certain content 
areas tend to resist application of the relevant structures more than other 
content areas. Unfortunately, this ad hominem argument offers no basis for 
making directional predictions about two or more content areas. 

The sort of wi thin-stage asynchrony that cannot be accomodated (or, 
at least, has not been to date) by cither ad hoc principles or ad hominem 
arguments is of the following typo. We are given two different reasoning 
skills A and B which the theory says are both generated by the same stage- 
defining set of cognitive structures. We examine the order In which A and 
B emerge in several content areas and they are observed to emerge in the 
same constant order in each area. The concept of conservation, together 
with the concept transitivity, provide a case in point. The theory tells 
us that the so-called groupement structures of the concrete-operational 
stage (Piaget, 1942, 1949) generate both of these concepts. Suppose we 
assess both conservation and transitivity in several content areas— e.g., 
length, weight, height— and we observe that transitivity always appears 
before conservation in individual areas. It is this sort of finding that 
structures -of -the -whole predicts will not be observed. 
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Since the oarly years of the precndlnci decade, it has been strongly 
suspected that developmental evidence would fail to confirm this prediction 
(cf. I'iohlv.in, 19C3). Although the prediction was the subject of more than 
one investiqoticn during the 19C0S (e.g. Lovcll & Ogilvie, 1960; Kofsky, 
1966, r.cr'anis, 1969), measuren.cnt issues such as tost sensitivity and 
respon^^o criteria oft^^n precluded interpretation of the findings (cf. Braine, 
1062, 19C'U Bra i nerd. 1973a, 197:jb, 1974a. 1974b; Gruen, 1965; Smedslund. 
1963, 19G9). It is only within the present decade that these issues have 
been resolved to a sufficient dcyree that we can be fairly certain that the 
developmental data do indeed fail to support the prediction. 

In the remainder of this paper, I propose briefly to discuss some 
findings, that illustrate the asynchronous emergence of different stage- 
related reasoning skills in individual content areas. Rather than try to 
deal with a large nuriber of such skills. I shall focus narrowly on three 
select groups. The members of each group normally are associated with 
Piaget's concrete-operational stage. Hence, each skill presumably is a 
by-product of the eight groupement structures used to define this stage. 
The criteria employed in selecting these illustrative groups was that each 
skill should olay a central role in Piaget's seminal discussions of 
concrete operations and that the empirical evidence for the asynchronous 
emergence of the members of each group should be as unequivocal as 
possible. The three groups of skills are: (a,) transitivity/conservation/ 
class inclusion; (b) double classification/double seriatlon; {c) ordinal, 
cardinal, and natural number concepts. 

Turning to group a, most listeners no doubt are aware that transitivity, 
conservation, and class inclusion are the three skills which Piaget most 
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frequently ivsorts to in ii?noral discussions r»f the concrete-operational 
stago. nonce » evidence pertaining to the synchronous or asychronous 
emergence of these particular skills is especially interestiny. Although 
the develojwontal rclatior.ship between class inclusion and the other two 
skills rarely has bf?ori st'dued, the order of emergence of transitivity 
and conservation was the subject of several iMvestigations conducted 
during tlio late 19505 and the l9G0s (e.g., Kooistra. 1963; Lovell & 
Ogllvie, 1951; McManis, 1959; Smedslund. 1961, 1963). Conservation 

and transitivity were observed to emerge synchronously, in concept areas 
such as len-jth and v."j1ght, in only one of these studies. In the other 
studies » conservation was observed to emerge before transitivity. Unfortunately, 
all of these earlier studies are subject to some important measuremetit 
criticisms which I have discussed at length in the literature (Brainerd, 
1973a, 1973b, 1974a, 1974b). This fact led me to conduct a new series of 
investigations in which class inclusion also was included. As a result 
of this particular series of studies, plus tv.'o follow-up experiments on 
class inclusion, it now seems reasonably clear that, during late preschool 
and ffllddlf.'-childhood, transitivity, conservation and class Inclusion 
emerge in the following constant order In most concept areas: transitivity 
first; conservation second; class inclusion third. 

The first three studies In this series (Brainerd, 1973a) were 
normative and cross-sectional in design. Three different groups of 
children, whose ages fell within the broad ranges that Genevans report 
for transitivity, conservation, and class Inclusion, were administered 
tests of all three skills. The tests were new ones devised to eliminate 
the measuromont objections alluded to earlier. It was observed that 
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transitivity appeared to precede both conservatton and class Inclusion In 
children's thinking: large proportions of subjects passed the transitivity 
tests but foiled both the conservation and class Inclusion tests. It also 
v/as observed that conservation appuart j precede class Inclusion; large 
proportions of subjects passed the conservation tests but failed the class 
Inclusion tests. To exauiine this o»der of emergence under more carefully 
controlled cor*d1tions, a training experiment was conducted (Bra1nerd» 1974c). 
A large group of preschcolers was pretested for transitivity, conservation, 
and class Inclusion. Subjects who failed all three tests were then 
assigned to one of three training conditions or one of three control condition 
For the three training conditions, a simple verbul feedback procedure was 
used to induce the three skills. A comparative analysis of the three 
training conditions indicated that, on a numter of learning variables, the 
findings \;ere consistent v.'ith the order of emergence observed in the earlier 
developmental studies; transitivity proved much easier to induce 
experimentally than eitht-r conservation or class Inclusion; conservation 
proved much easier to induce experimentally than class Inclusion. 

Perhaps the most intrlguirg and unexpected finding of our studies 
of transitivity/conservation/class inclusion was the enormous developmental 
gap between class inclusion, on the one hand, and transitivity-conservation, 
on the other. The oldest subjects In these studies had been 8-year-olds. 
The findings indicated that, by age 8, virtually all the subjects undcr- 
sood transitivity (length and weight) and slightly more than half of them 
understood conservation (length and v/eight). However, to our surprise and 
contrary to Genevan norms for this skill, there was almost no evidence 



of class Inclusiun by agp r>. This pro«,pted two follow-up experiments of 
clar.s inclusion vdth subjects up to and including 11 -years-old (Brainerd 
& Kas^ci\ 197't}. These CKpcj Itncnts \.'ere designed to examine the possibility 
thvTt the virtiu'.l iibr.cfice of class inclusion in B-year-olds was an artifact 
of p.occdiire. In the literature, there is a tendency to regard the 
incriliiiute difficulty of class inclusion problem as something of an 
cpipli-.aoii'cnon (rf. Al.r & Ycuniss, 1970; IJohlwiU, 1S68). According to this 
vicv;. certain fe.iLures of the stimulus materials normally employed in those 
prof U'-.: inhibit class inclusion reasoning. If thrse features are eliminnted* 
the tiriiumuit continues, thou class inclusion tests will be passed at a much 
youiifiuT age. TIk sc features v/crc controlled in our follow-up experiments; 
lio'.evcr, the rcstiltr. confin.-.od cur earlier findings. There was little 
ovid.jiCC of claub inclusion before about age 10. Koreover, even in 10- 
ond 11 -year-olds, only about half tlic subjects really understood class 
inclusion. Since the co:npletion of tlioso experiments, our discussant. 
Dr. Hi;ui>er, has uncovered two findings which tend to support my own findings 
on tho late emergence of class inclusion. First, he has observed (cf. 
Hooper et al . , 1974) that the solution rate on class inclusion problems 
continues to accelerate gradually throughout the adolescent years— i.e., 
it continues to accelerate long after the solution rate on corresponding 
transitivity and conservation problems have reached asymptote. Second, 
he also has observed substantial deficits in class inclusion reasoning 
among college males. 

To sum up the best available evidence on transitivity/conservation/ 
class inclusion, there seems to be consistent support for the constant 
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order of n.'.;rq:;«cc t i:!t>ntionccl eorlier. More over, when my data on those 
throe skilU arc coniMncd with tiio^e of Dr. Hooper on class inclusion and 
wiUi TroLnsso's recent data on tiunsitivity (Bryant & Trabasso, 1971; 
Riley r. Trolor-so, 197'1)» the following norniHtive statempnts seem reasonable: 
Transitivity is worked out in most content areas during the preschool and 
vury early i.icldle-childhood years; conservation Is worked out In most content 
iiri-as. durii.y Uio middle-childhood years; class Inclusion is v/orked out In 
i.tosL content areas durinc) the ;uvGnile and adolescent years. Further, class 
Inclusion is n'n'cr yrasprd at a iovel comparable to transitivity and 
conservation. 

Let us turn nov; to our second group of skills: double classification 
and double scriation. Double clcjsnification and double soriatlon are quite 
intorestint} theoretically because thuy are ejencrally believed to provide 
fairly din'tt estinates of two different concrete-operational structures 
(Groupc:ir?nt IV and Grtiupv.aent VII, respectively). Although these skills 
are becc;ninn more ct;}i:rr.on in the ncoPiagetian literature, they are not 
nearly as cor,r,ion as tran>1tiv1ty/conservation/class Inclusion and, hence, 
they way be unfamiliar to some listeners. For "double classification," 
c.nvisaqe a .3 x 3 matrix in which the columns are defined by the Intensions 
"rod," "blue," "green," and the rows arc defined by the Intensions "circle," 
"square," "triangle." For "double scriation," envisage another 3x3 matrix 
in which the three columns are defined by the relation "height" and the 
three rows are defined by the relation "diameter." In each cell of the 
double seriation matrix, there is a cylinder. As we go across the matrix, 
the cylinders Increase in height. As we go dov/n the matrix, the cylinders 
increase in diameter. With both the double classification matrix and the 
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double sori.itlon i;kUri.\» the child's main task is to fill in missing cells. 
In order to do this roliahly, he must have both intensional properties; In 
mind, in ih- cose of tlio classif itatiou matrix, and ho must have both 
relation:, in r.iind» in the? case oi" the seriation matrix. 

Aboul 2 \/?. youTL acio, our discussant* Dr. Hooper, noted in a letter 
to v,\2 thai I.e recently liad qslhttcd some datu wiiich indicated that children 
undcrLLood r.r.d cculd r>clvt! double seriation pvoblcms before they could 
f.olvo do'jl?]( classif icvi Lion. Subsequently he was able to replicati- this 
finding in :< i.iethodoloij ically so|'!n*sticated large-scale study of the 
dcvolo;;.-.L'nt of children's classification abilities. During the past year, 
1 incluc'id do'jblc cla:>;nf ication and double seriation tasks, which wore 
sligiitly dif'trant than those employed by Dr. Hooper, in a number develop- 
inciit study 1 v/as conducting. I observed thai same sequence as Dr. Hooper; 
r.iy subjects. ^^re i:;ore successful willi double seriation than they wore with 
double clii' «.if ication. Shortly aft(^r the first of this year, a third 
replication vv.s obtaiiicd, quite independently of Hooper's and my scudies, 
by Mri. lUrrnice Wong wiio is a doctoral candidate at the University of British 
Columbia. During a recent visit to Edmonton, Hrs. Wong informed me of this 
finding and v.-as surprised to learn that Dr. Hooper and I had already 
obtained th;.- same riatu!;i. Mrs. Wong's tasks were different from both 
Hooper's and j.iine. Finally, Dr. Hooper, In conjunction with Ann Durkc- 
fserkel, has conducted a training experiment that involved instruction in 
both double s(?r1ation and double classification. His major finding, that 
seriation instruction was more successful than either classification 
training or combined seriation/classification training, Is consistent with 
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the dovfilopi.iM.tal findirxn v.-.* have jur,t considered. 

Tliu*;, there soi is to be fairly consistent support for the develop- 
mental priai-ity double scriation over double classification. However, I 
should li! ' to cciutioM t!;'^ listener vibout tho ningnltuds of this difference. 
Althc>uc;!i ti.: rindiiipr. I have just nc-ntionod con<.istently support the 
priority of dcutle &ci i.iUcn» the d.'.ta also indicate that the gap between 
double scriiiUon and cloubl'i classii ication is fairly small— probably 
si>: Month: Lo n year in the average child. Froin a psychoiuotric standpoint, 
this nieanr. thu the double seriation/double classification is not nearly 
iiu roUir.t the tranf>itivity/ccn«;crvation/cl.^ss inclusion sequence 
dit-cussed (orlier. Tlujc. \;hile one- must coirait fairly crude measurement 
errors to i isk the latter scqucrice» siinll methodological perturbations 
will suffic'/ 1.0 vazk t;.:- former. 

finally, let us turn to thf dcvelcpmcnt of number concepts. As most 
PiuQct obr.vivr-r. are cr...-:re, number dcvoloprnont bus been an abiding thon:e 
throunfiout Pi^.'jet's Icm/j research career. As things nov st?nd, the develop- 
r.;cnt of bD'^ic number sl'ills is associated with the concrete-operational 
stane in Piiifjctian theory. Number and number concepts moan different 
thinjis to divlerent investigators. Piaget's work has been restricted to 
tl'ree hroad c<.tegorics of numerical competence: ordinal number (numbers 
as representations of tlie terms in any ordered progression); natural number 
(arithmetic coniputation and the fundamental Inus of arithmetic); cardinal 
number (mi:nbers as representations of the manyness of any collection of 
terns). According to the theory, all three of these generic forms of 
number are the province of concrete operations and, of course, emerge 
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in strict synchrony during this staije. 

About three years ago. I initiated a series of investigations of 
ordinal, cardinal, and natural number concepts. I began these studies 
as an (.'pirical orr-f;hoot of some mathematical interests of mine and with 
no tl.cui!!!L of providing a definitive t*;st of the structures-of-the-whole 
princi;,'lo as it api)lit:s to nti.ibi-r concepts. Hence, the major inipl ications 
of thii jer^f-arch arc for mathematical epistemoloqy and not for Piagellan 
theory per se. fiovorthelesc, certain of tl»e findings are relevant and I 
should lil:e to note tliem. 

The studies initially were focused on the early elementary school 
years (I'.raincrd, 197:.c, 1973d, Brainerd fraser, 1975). Though some numbe 
ideas ore known to Cincrge earlier, these are the years when natur al number 
concepts first appoor. Because 1 was interested primarily in the relative 
contribiJuions of ordinal nuuiher and cardinr.l number to children's natural 
number skills, this is where I began. The initial phase of the investigation 
consist'-d of two Inrgo scale developmental studies. These two studies 
indicated that the three generic forms of number emerge in the follov/ing 
ordei : ordinal nui-iU'r first; natural nunil>er third. It appeared that 
most children enter elementary school v/ith a reasonably good grasp of 
ordinal nsmiber, then proceed to work out the basic components of natural 
number, and finally, by the late middle-childhood years., begin making 
substantial progress with cardinal number. These findings subsequently 
were replicated in a study conducted with fHchelle Fraser (Brainerd & Fraser, 

, 1975). A training study (Brainerd, 1973d) then was conducted with 
children of this age level. The study was designed to determine: (a) the 



12 

relative susceptibility of ordinal nuiiibcr and cardinal number to training 
exporiencGS atiJ (h) the tixtcnt to which ordinal number training and cardinal 
nuir.bor traininn onhance n<ttural numbnr skills. It was observed that ordinal 
nuiit^'.r \.'uS fcr i:;;cier to train than cardinal number and that there was 
sub':.c-witial tic;r.L»(;r of ordinal nuinbjr training to natural nuiiiber. Cardinal 
nii. i'.T trainiiitj, on the o!.li'_r hand, v/as. not observed to enhimce natural 
m:;'l-T :,lills. Anothi-r tr^iitilng study vas conductt:d v;ith prenchoolers 
(r.rairi'trd, 1974(1). This particular study focused on training preschoolers 
to use nui.iorical cymbols oiLheras representations of terms in an ordord 
pro{;ru'^sion (ordinal nuinl vr) or as representations of the r.ianynoss of 
collections or tcnns (cardiiial number). It turned to be much easier to 
traltj the rorr.;2r sort of representations than the latter. 

From thi perspective of the structurcs-of-tho-vhole principle, of 
coni'!:^, thci ir.portnnt aspect these findincis on nDinbcr developniont is the 
Indication of a constant order of cimrgence for ordinal, natural, and 
cardinal number. Since these findino^ have been available in the literature 
for only a short period, there has not yet been time for comprehensive 
rcpl icatory evidence to appear from other laboratories. However, some 
supportive indcpe/ident evid.'nce is beginning to appear. Our chairman. 
Dr. Siegel , recently conducted an investigation of ordering and correspondence 
operations in preschoolers (Siegel, 1974). She concluded that certain 
aspects of her data were consistent wit my finding that ordinal number 
skills generally appear before cardinal number skills. Mrs. Bernice Wong, 
whom I mentioned earlier with regard to research on classification/ seriation, 
exaiMined the relationship between the correspondence operation and 
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a measure) cm" natural ruiiiilior. Ucr data appear to be consistent with my 
geiioral f indings about the? develOi»iricntal relation between natural number 
end carclin.il nunbcr. 

To su:i up very Iriofly, it is obvious that the synchronous pmergence 
privJictio!; oi the stru(.r.ures-cf- tli!.'-v,hole principle has not fared v.-^U in 
cciijunctic.i \:Mh th:i thru? nroupc of concrcLc-cperational skills which we 
Live c.onr,it'crcd. Contrary to tho principle, asychronous emergence of stage- 
related ckills appear to the ruU' rather than the exception. Some listeners 
nny also hove noticed tl-at there is a discernible pattern running through 
specific Miquences observed for the three groups of skills. In each case, 
childrcin ap; car to gm p the relevant relational skill before they grasp 
the coiTCGpOMdinci clof.sifiiiatory skill: transitivity is understood before 
class inc^ur-ion; double seriation is understood before double classification; 
ordinal I!'.:.. : r is understood before cardinal number. This suggests that tho 
specific a -ynr hronies v.«? have considered are not isolated idiosyncratic 
phcnoi'ion'i ti-.'t, rather, they are p."Jrt of some underlying pattern in the 
groivLh of ii'jipan logic thjt v/e do not yet fully understand. The best hunch 
about what this underlying pattern it seems to be that the ontogenesis 
of logical thought mirrors the axiomatic development of logic itself— in 
v/hich tht; •■•iiStract logic of classes is generatnd from th^j abstract logic 
of relations. 
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